Introduction
A tumour is defined as a mass of new tissue that persists and grows independently of its surrounding structures and can be classified as benign or malignant.
Research, methods and design
The clinical records of patients diagnosed with benign and malignant tumours, at Chris Hani Baragwanath Academic Hospital Paediatric Oncology unit, from 1 January 1988 through to 31 December 2012 were reviewed. The presenting signs, pathologies, treatments and outcomes of all patients who presented before 3 months of age were recorded.
Chris Hani Baragwanath Academic Hospital is regarded as the third largest hospital in the world, occupying around 0.70 km 2 , with approximately 3200 beds. 18 Nearly 60 000 patients are treated in the Maternity Hospital every year and approximately 17 000 babies are born annually. 18 Because of this large number of patients, there is often a delay in the referral of patients to the appropriate disciplines. We therefore included patients who presented to the Paediatric Oncology unit before the age of 3 months, to leave room for the anticipated delay.
Patients who displayed disease-specific signs before 28 days of life were included in the study. Patients diagnosed with haematological malignancies were excluded and because of the inconsistency in the referral of patients with haemangiomas, either to Paediatric Surgery or Paediatric Oncology, these patients were also excluded. Patients with incomplete records were not included in this study.
Data were analysed using percentages and medians and the overall survival was calculated with Kaplan-Meier analysis.
Ethical considerations
Ethics approval was obtained from the Human Research Ethics Committee (Medical) of the University of the Witwatersrand (Clearance certificate no. M130257).
Results
Sixty neonates, less than 3 months of age, diagnosed with a tumour in the 25-year period, who displayed disease-specific signs before 28 days of life, were identified.
Germ cell tumours were the most common tumours diagnosed (29/60, 48.3%), followed by soft tissue tumours (12/60, 20%), hepatic tumours (6/60, 10%), renal tumours (5/60, 8.3%), neuroblastomas (3/60, 5%), retinoblastomas (3/60, 5%) and central nervous system tumours (2/60, 3.3%), of which 44 were benign tumours (Table 1 and Figure 1 ).
Sixteen patients were diagnosed with malignant tumours, of which malignant soft tissue tumours (7/16, 43 .7%) were the most common, followed by neuroblastomas (3/16, 18 Figure 2) . The majority of patients (54/60, 90%) displayed diseasespecific signs at birth. The median delay to presentation Diagnosis by tumour type showing the distribution, proportion of malignant tumours, age at presentation, median delay to presentation, median diagnostic delay, median overall delay, sex ratio, loss to follow-up, patients alive at the end of study and the number of patients who died. Source: Authors' own work to the Paediatric Oncology unit was 7 days, the median diagnostic delay was 11 days and the median overall delay was 30 days. 
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FIGURE 1:
The distribution of patients diagnosed with benign neonatal tumours. 
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Source: Authors' own work CNS, central nervous system; GCT, germ cell tumours; RMS, rhabdomyosarcoma; ARMS, alveolar rhabdomyosarcoma; ERMS, embryonal rhabdomyosarcoma.
FIGURE 2:
The distribution of patients diagnosed with malignant neonatal tumours.
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There were 25 male and 35 female patients with an M:F ratio of 1:1.4 (Table 1) .
In this study, 34/60 (56.7%) patients underwent surgery; 9/60 (15%) patients received chemotherapy; 9/60 (15%) patients underwent surgery and received chemotherapy; 4/60 (6.7%) patients underwent surgery, received chemotherapy and radiation therapy; 1/60 (1.7%) patient received chemotherapy and radiation therapy. Of those patients who only underwent surgery, four died. Of the nine patients who only received chemotherapy, four died, of which three were from treatment-related complications.
Of the nine patients who underwent surgery and received chemotherapy, two died, of which one was from treatmentrelated complications. Of the four patients who underwent surgery and received chemotherapy and radiation therapy, two died. The one patient who received chemotherapy and radiation therapy died from disease progression.
The overall treatment-related mortality was 4/60 (6.7%), all from treatment-related neutropaenic sepsis and the overall treatment-related mortality in malignant tumours was 3/16 (18.8%).
Thirty patients were lost to follow-up, of which 24/30 (80%) were diagnosed with benign tumours and 6/30 (20%) with malignant tumours. All patients diagnosed with malignant tumours completed treatment before they were lost to follow-up.
The overall survival of patients diagnosed with a neonatal tumour at 1, 2 and 5 years was 78.5%, 76.2% and 67.3%, respectively ( Figure 3 ). The overall survival of patients diagnosed with malignant tumours at 1 and 2 years was 61.9% and 54.1%, respectively ( Figure 4 ). There were no deaths recorded in patients diagnosed with a malignant tumour after 395 days of life.
Germ cell tumours
Twenty-nine patients were diagnosed with germ cell tumours, of which 28 patients were diagnosed with teratomas and 1 with a mixed germ cell tumour. Of the patients diagnosed with teratomas, 13 were mature, 9 immature and 6 unclassified teratomas ( Figure 1 ). The most common site was the sacrococcygeal region 24/29 (82.8%). Other sites included the head and neck (3/29, 10.3%) and the intra-abdominal region (2/29, 6.9%). Twenty-six patients (89.7%) displayed disease-specific signs at birth, which included a mass in 25/26 (96.2%) patients and seizures, as a result of an intracranial mass, in 1/26 (3.8%) patient.
Twenty-one of the 28 (75%) patients diagnosed with benign teratomas were treated with surgery alone and disease recurrence was seen in 6/28 (21.4%) patients. Three patients were diagnosed with immature teratomas, two with mature teratomas and one with an unclassified teratoma. Five patients with recurrent disease were treated with chemotherapy and one patient underwent a second surgical resection.
Three patients diagnosed with benign teratomas died.
One patient diagnosed with a cervical teratoma underwent surgical resection but presented with recurrent disease two and a half years later. Repeated surgical resection was unsuccessful and the patient died from progressive disease before further treatment could be initiated. The second patient was diagnosed with a sacrococcygeal teratoma. He underwent surgical resection but presented with disease recurrence secondary to incomplete resection. Despite chemotherapy, the patient died from disease progression. The third patient was diagnosed with an intracranial teratoma and died before treatment could be initiated.
The patient diagnosed with a mixed germ cell tumour presented at birth with a sacrococcygeal mass. The mass was resected and histology confirmed a mature teratoma with yolk sac elements. She received chemotherapy and was alive and disease free at the end of the study. http://www.sajo.org.za Open Access
Soft tissue tumours
Twelve patients were diagnosed with soft tissue tumours, 5/12 (41.7%) with benign and 7/12 (58.3%) with malignant tumours. Of the patients diagnosed with benign tumours, three were diagnosed with lymphangiomas and two with fibromas. Of the patients diagnosed with lymphangiomas, all three presented with a thoracic mass present from birth. Of the two patients diagnosed with fibromas, both presented with masses on the lower extremities present from birth.
Of the patients diagnosed with malignant tumours, 4/7 (57.1%) were diagnosed with rhabdomyosarcomas and 3/7 (42.9%) with infantile fibrosarcomas. Of the patients diagnosed with rhabdomyosarcomas, three were diagnosed with embryonal rhabdomyosarcomas and one with an alveolar rhabdomyosarcoma (Figures 1 and 2 ). Of the patients diagnosed with embryonal rhabdomyosarcomas, two presented with a mass on the soles of their feet and one with a mass in the paranasal region. The patient diagnosed with an alveolar rhabdomyosarcoma presented with a mass below the eye. All four patients displayed disease-specific signs present from birth.
Of the patients diagnosed with infantile fibrosarcomas, two exhibited a mass on the upper extremities and one a mass on the thorax. All patients displayed disease-specific signs present from birth.
One patient diagnosed with an embryonal rhabdomyosarcomas on the sole of the foot received chemotherapy only and remission was achieved post treatment. The patient diagnosed with an embryonal rhabdomyosarcoma of the paranasal region received chemotherapy but died from neutropaenic sepsis during treatment. The remaining two patients received chemotherapy, but because of a poor clinical response, they required surgical resection and radiation therapy. Of these, one patient was diagnosed with an embryonal rhabdomyosarcoma on the sole of the foot. He completed treatment, achieved remission but was lost to follow-up post treatment. The second patient was diagnosed with an alveolar rhabdomyosarcoma and died from disease progression at 1 year of age.
Two of the three patients diagnosed with infantile fibrosarcomas received chemotherapy only and remission was achieved post treatment. One patient with an infantile fibrosarcoma of the chest wall, underwent surgical resection and received chemotherapy, but because of the size, extension and anatomical location of the mass, complete resection was not possible. The patient received radiation therapy but died from disease progression.
Hepatic tumours
Six patients were diagnosed with hepatic tumours, 5/6 (83.3%) with haemangioendotheliomas and 1/6 (16.7%) with a hepatoblastoma (Figures 1 and 2) . Of the five patients with haemangioendotheliomas, two presented with an abdominal mass, two with jaundice and one with abdominal distension. All five patients displayed disease-specific signs present from birth. The patient diagnosed with a hepatoblastoma presented with an abdominal mass present from birth.
Three of the five patients with haemangioendotheliomas received only medical treatment, one underwent surgery and one patient received both surgery and medical treatment.
The patient with a hepatoblastoma received chemotherapy and surgery, completed treatment, achieved remission but was lost to follow-up after 4 years.
Renal tumours
Five patients were diagnosed with congenital mesoblastic nephromas and presented with an abdominal mass present from birth ( Figure 1 ). All five patients underwent primary nephrectomies. The tumour mass was incompletely resected in one patient, who presented with disease recurrence 3 months later. The patient received chemotherapy but died at 10 months of age from neutropaenic sepsis. Three patients died from unrelated causes, two from complications of human immunodeficiency virus and one patient from complications of prematurity. One patient was discharged from Paediatric Oncology at 9 years of age and referred to Paediatric Nephrology for follow-up.
Neuroblastoma
Three patients were diagnosed with neuroblastomas, two with stage IV and one with stage IVS disease ( Figure 2 ). All three patients presented with abdominal distension. Both patients with stage IV disease received chemotherapy and the patient with stage IVS disease developed abdominal compartment syndrome from disease progression and required surgical intervention and chemotherapy. Two patients died from neutropaenic sepsis and the patient with stage IVS disease died from necrotising enterocolitis secondary to abdominal compartment syndrome.
Retinoblastomas
Three patients were diagnosed with retinoblastomas, two with bilateral and one with unilateral disease (Figure 2) . One of the patients diagnosed with bilateral disease was asymptomatic but screened because of a positive family history. One patient presented with leucocoria and one with proptosis.
One patient with bilateral disease had eye salvage with chemotherapy alone. The second patient with bilateral disease underwent enucleation of one eye and received chemotherapy and radiation therapy. The patient with unilateral disease underwent enucleation without requiring further treatment. All three patients were alive at the end of the study.
Central nervous system tumours
Two patients were diagnosed with central nervous system tumours, one with a medulloblastoma and one with a http://www.sajo.org.za Open Access thalamic hamartoma (Figures 1 and 2 ). The patient diagnosed with a medulloblastoma presented with macrocephaly and congenital hydrocephalus. The patient with a thalamic hamartoma was one of twins, born prematurely at 34 weeks and a thalamic mass was detected on routine cranial sonar.
The patient diagnosed with a medulloblastoma, received chemotherapy but died from disease progression and the patient with a thalamic hamartoma died before any treatment could be initiated.
Discussion
This review reports on a single centre's experience, in a middle-income country, in neonatal tumours over a 25-year period. Two to three patients diagnosed with a neonatal tumour were identified per year. According to a study conducted at John Radcliffe Children's Hospital in Oxford, most neonatal units will see one case every 1-2 years. 9 This is data based on neonatal units in high-income countries, with an average of 7500 deliveries annually. 9 Even though the number of deliveries at Chris Hani Baragwanath Academic Hospital has increased over the past 25 years, patients from all over the country are referred here for tertiary care. Because of this large patient population, we concluded that the incidence of neonatal tumours in this study was probably underestimated. The lack of appropriate referrals, where disease-specific signs were either missed or incorrectly interpreted, poor social circumstances and the difficulty in reaching a healthcare centre and the fact that neonatal deaths and stillborn babies did not undergo post-mortem examinations suggested that some tumours might have remained undiagnosed.
In this study, the high proportion of the germ cell tumours in neonates, reaching almost 50%, is in keeping with reported data. Red Cross War Memorial Children's Hospital reviewed the clinical records of neonates diagnosed with solid tumours over a 34-year period and identified 31/66 (47%) patients with germ cell tumours. 12 A study conducted in Glasgow included benign and malignant solid tumours and the majority of patients (19/51, 37.3%) were diagnosed with germ cell tumours. 3 A study conducted in Durham included haemangiomas and 8/23 (34.8%) patients were diagnosed with germ cell tumours. 4 Several studies only reviewed patients diagnosed with malignant neonatal tumours. 5, 7, 8, 19 The largest of these studies were conducted in France, where they identified 285 neonates from the French National Registry of Childhood Solid Tumours with malignant tumours over a 9-year period. 19 Neuroblastomas were identified as the most common malignant solid tumour diagnosed and comprised 134/285 (47%) of the patient population. 19 This was followed by malignant germ cell tumours (82/285, 28.8%), central nervous system tumours (30/285, 10.5%), soft tissue sarcomas (24/285, 8.4%), retinoblastomas (8/285, 2.8%), renal tumours (5/285, 1.8%) and hepatoblastomas (3/285, 1.1%). 19 Other studies conducted in high-income countries also identified neuroblastomas as the most frequently diagnosed malignant neonatal tumours followed by retinoblastomas, malignant germ cell tumours, renal tumours and hepatoblastomas. 5, 7, 8 In this study, malignant soft tissue tumours were identified as the most common malignant tumour diagnosed in neonates and included 7/16 (43.8%) patients.
A much lower rate of retinoblastomas was reported in this study compared with studies conducted in high-income countries. This can most likely be attributed to the incorrect interpretation or the lack of detecting disease-specific signs like leucocoria. We also demonstrated a much lower incidence of central nervous system tumours, which can possibly be explained by the lack of early detection.
The distribution of childhood cancer in South Africa, occurring in children from birth to 4 years, has recently been reviewed by the South African Children's Study Cancer Group using the South African Children's Tumour Registry. 20 Although this study included all children diagnosed with malignancies before the age of 14 years, the patient population was divided into groups, with one only including patients from birth to 4 years. 20 This study reviewed patients diagnosed with haematological malignancies and malignant solid tumours; however, the most frequently diagnosed malignant solid tumours in this age group were renal tumours. This was followed by retinoblastomas, neuroblastomas, central nervous system tumours and soft tissue sarcomas. 20 Even though these findings cannot directly be compared to the distribution of malignant tumours in our study; this study described a lower distribution of patients diagnosed with neuroblastoma, which was not in keeping with the distribution reported in high-income countries. These findings suggested that the distribution of malignant tumours may vary in different ethnic groups and geographical locations and this might account for the low number of patients diagnosed with neuroblastomas in our study. 6 The male predominance of malignant tumours in the neonatal period in this study is in keeping with similar studies conducted in high-income countries. 8, 13 Tumours in the neonatal period usually present with a mass, and 46/60 (76.7%) patients in this study presented with a mass, of which 45/46 (97.8%) were present from birth. 2, 5 Even though the majority of patients in this study displayed disease-specific signs present from birth, we reported a median overall delay of 30 days. Diagnostic delay was identified as the major contributing factor, and the median delay to presentation to the Paediatric Oncology unit was only 7 days. Patients born within Gauteng had the lowest median delay to presentation to the Paediatric Oncology unit but revealed the highest median diagnostic delay. This delay cannot be justified, and the types of tumours diagnosed were similar in all three referral groups. The median diagnostic delay was 12 days and this can possibly be explained by the shortage of medical staff and staff at laboratory services at public hospitals. Advances in histopathology over the last couple of years now allow for more rapid and more accurate assessment of tumour masses.
In this study, patients diagnosed with retinoblastomas exhibited the highest diagnostic delay of 42 days. This delay cannot be justified, for the diagnosis of retinoblastomas is made on clinical findings; therefore, no diagnostic delay should exist.
Half of the patients in this study were lost to follow-up, of which the majority of patients were diagnosed with benign tumours. All the patients diagnosed with malignant tumours who were lost to follow-up completed treatment. This extremely high loss to follow-up rate can perhaps be explained by the poor socioeconomic status of most patients seen in the public sector, who do not have the financial means to attend the clinic on a regular basis. Most of the patients who were lost to follow-up were referred from other centres in Gauteng and Chris Hani Baragwanath Academic Hospital was not regarded as the easiest accessible medical centre for these patients.
In this study, we reported an overall survival of 67.3%, which is in keeping with studies that analysed data of neonates diagnosed with malignant and benign tumours. A study performed in Glasgow analysed data of 51 neonates and reported an overall survival of 67%. 3 Fifteen patients in this study died and the overall treatmentrelated mortality was 4/60 (6.7%), which is in keeping with the study conducted in Glasgow that reported overall treatment-related mortality of 5.9%. 3 The majority of studies only reported on malignant neonatal tumours. In this study, the overall survival of the patients diagnosed with malignant tumours was 54.1%. This is significantly lower compared with studies conducted in high-income countries. A study performed in Poland analysed the data of 37 neonates and reported an overall survival of 80.4%. 7 A study performed in Los Angeles analysed the data of 45 neonates and reported an overall survival of 72%. 13 A study performed in France analysed the data of 285 neonates and reported an overall survival of 84.2%. 19 All three studies only reported on malignant solid tumours and haematological malignancies were not included.
A study performed in Natal analysed the data of 42 neonates diagnosed with malignant solid tumours and they reported a similar overall survival, compared with our study, of 42%. 6 These findings suggested that neonates diagnosed with malignant solid tumours in South Africa, a middle-income country, have a worse prognosis compared to those diagnosed in high-income countries.
The overall treatment-related mortality in malignant tumours in this study was 3/16 (18.8%), of which all patients died from treatment-related neutropaenic sepsis. This treatment-related mortality rate is significantly higher compared to high-income countries. The study performed in Poland reported an overall treatment-related mortality of 2.9% wherein 1/37 patient died from surgery-related complications. 7 The study performed in Los Angeles reported an overall treatment-related mortality of 2.2% wherein 1/45 patient died, also from surgery-related complications. 13 The study performed in France reported an overall treatment-related mortality of 5.3%, wherein 15/285 patients died from surgery-related complications. 19 The study performed in Natal reported a significantly higher overall treatment-related mortality of 26.3%, wherein 5/42 patients died from treatment-related mortality. Three patients died from treatment-related causes not specified, one patient died from treatment toxicity and one from myelosuppresion. 6 These findings reiterate that neonates diagnosed with malignant solid tumours in South Africa, a middle-income country, have a worse prognosis compared to those in highincome countries.
There are very little data available on neonatal tumours in low-and middle-income countries. Although this study reviewed a small number of patients, it clearly suggested that there is most likely a difference in the distribution of neonatal tumours diagnosed in middle-income countries compared to high-income countries. Despite this study being performed at a single centre, Chris Hani Baragwanath Academic Hospital is regarded as one of the largest hospitals in the world and the Paediatric Oncology unit at Chris Hani Baragwanath Academic Hospital is one of only three Paediatric Oncology units in Gauteng. Therefore, it can be assumed that this study covered a larger patient population than initially presumed.
There are many limitations in our study. Firstly, the rarity of neonatal tumours limited the analyses by diagnostic groups. Secondly, the inconsistency in the referral of haemangiomas impeded the inclusion of these tumours. Thirdly, incomplete records of patients prevented some patients from being included. Fourthly, incorrect diagnoses of tumour masses because of limited laboratory tests in the past might have influenced the study population. It was acknowledged that this study extended over a 25-year period, during which time methods of diagnosis, staging and tumour assessment have improved considerably.
It appears highly likely that a large number of neonatal tumours remain undiagnosed and that the incidence of neonatal tumours is probably much higher than that reported in this study. In view of the great potential for cure, we recommend that larger studies of these tumours, their pathologies, treatments and outcomes be performed with data collected from the National Tumour Registry. This may provide insight of the distribution of neonatal tumours present in South Africa, allow for more accurate incidences and possible aetiological agents, which may eventually lead to an improvement in the outcome of these patients.
Conclusion
Even though tumour masses do occur in the neonatal period, malignant neonatal tumours are very rare. It has been demonstrated that a large percentage of neonates diagnosed with malignant tumours in high-income countries can be successfully treated and cured. Clinicians involved in the care of neonates need to be better acquainted with diseasespecific signs of neonatal tumours to allow for early detection and referral to a Paediatric Oncology unit.
